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ABSTRACT
An analysis was made of the sea surface temperatures in the
northern No. Atlantic, sea temperature in the 0-200 n layer
alon, the Kola meridian (70°E, approximately) between 70°,0' and
72°50'N reflecting the inflow of relatively warm lo. Atlantic
water into the Barents Sea, and the sea surface temneratures in
the "estern Mediterranean affected by svorms crossing from the
No. Atlantic by the way of the Bay of Biscay, France and Spnain
and others which develop locally in wake of cold air outbreaks
from the Continent; the ice off Iceland; and the air temperatures
and pressures over the northern No. Atlantic, Greenland, and
Burope during the period 19:1-50 and the following decades 1951-
60 an:. 1961-70, with the objective of determining a possible lag
in the ocean vis-a-vis the atmosphere during a period of climatic
change., The results obtained show a rise in the sea temperature
in all three re;ions in the decade 1$51-60 and with little
chan;e in the ice off Iceland from the period 1921-50 which
preceded it, while the air temperatures were declining over the
northern No. Atlantic indicating a lag in the ocean vis-a-vis the
atmosphere. The results further show a fall in sea and air
temperatures and sharp increase‘gn the ice off Iceland in the
decade 1961-70. One woulc expect should the decade 1¢71-80 show
& rise in air temperatures, the sea temperature would lag less
behind, since the warmins would be limited to the surface lavers

primarily.
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Introduction.

As can be seen from the extensive literature on past cli-
mates and their changes, a rreat deal of stuay and thought has
been devoted to this problem.

whether we look to predictive theories of the general cir-
culation tc provide a solution of this problem or seek its solu-
tion from a study of the changes in the past by discovering their
orderly secuence, or trace a connection between them and snlar
variability, volcanicity, and other possible causes, there is the
need for establishing as accurately as possible the climates of
the past both on land and in the sea, and their spatial and phys-
ical coherence along with a need for defining the special charac-
teristics of the c(limatic elements that distinjuish one from
anothery

One such characteristic of a maijor climatic element we wish
to investijate ic the response of the ocean as compared with the
atmosphere during a period of climatic chanre.

The differencc in the thermal and dynamic characteristics
between the ocean as representec by sea surface tempcratures, ocean

currents, and sea ice cover (in the higher latitudes) on the one

hand, and the atmosphere, as represented by air temperature and
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winds on the other, leads us to expect a slower and hence later
response of the ocean during a period of climatic change than in
the atmosphere. The following is an analysis of a possible time-
lai of the response of the ocean vis a vis the atmosphere from a
consideration of the sea surface temperatures in the northern No.
Atlantic and Vestern Mediterranean, the sea temperature in the
layer 0-200 m along the Kola (70°E) meridian, the sea surface
temperatures from & Ocean Weather Stations in different loca-
tions in the No. Atlantic, the ice off Iceland, and finallv, the
vressure distribution (atmospheric circulation or winds) and wir
temperatures during the period 1621-1970 that was characterized

by a rise, then a fall in temperature.

Analysis.

Mitchell (1961, 1965), followinr w.illett (1G50), has shown
tnat beginning with the 1940's, the avera~e "world" air temper=
ature has taken a downward turn while remaining well above the
lons-term average. The chanre from the 1940-% to the 1050-9
decades came, he found, to -0.19°C for the vear as a whole, and
to =0.2.9C for the winter season.

Similarly, lodewald in a series of papers (196,, 1¢67, 1G7:za,
197.°b) treated in detail the sea surface temperatures in the nor-

thern Ho. Atlantic observed at the OWS ships which he compared

with the air temperatures and the pressure distribution, his lat-
est results showing a marked decrease in the air and sea tempera-

tures in the ..0. Atlantic-Arctic in the most recent decade, 1961-

/0, as compared with that which preceded it. Earlier Smed has

shoun (194¢) an increase in the sea surfuace temverature in the




northern No. Atlantic between 50° and 66°N, approximately, that
was especially marked in the 1¢:;0's.

l. Pressure Distribution.

For evidence atout the chanfes in circulation and winds
during the 1921-70 period, we Lave compared the pressure over
the northern lo. Atlantic, Greenland, and Europe during the 1G21-
50 period with that in the 1951-60 decade and next, thie pressures
in this decade with those in the 1961-70 decade.

Fignre 1 shows an area of excess pressure over ureenland
and the vicinity in the 1651-60 decade over the 1921-50 period,
suggesting an increased outflow of cold air southward from
Greenland and lower air temperatures over East Greenland, Iceland,
northwestern Europe and the North Atlantic in this decade (Fig. 2).

Similarly, the area of excess of pressure in the 1961-70
decade over the 1951-60 decade extending; eastward from Greenland
<0 Scandinavia and beyond (Fiy. .) signifies a greater outflow
of cold air from the Arctic in this decade (1961-70) than in the
precedinc; one as is shown by the lower air temperatures (Fig. 4),
Also, the area of negative air temperature differences is larrer,

<. Sea Temperatures.

a. lorthern lNo. Atlantic Areas A-N.

For analysis of possible trends in the sea surface tempera-

tures of the northern No. Atlantic, we have made use of the mean

monthly tabulations of deviations of sea surf.ce temperature north
of 50%: in areas A to li, as desirnated by Smed (1946-1¢70), limit-
ing ourselves to the April-Sentember values for which mcre infor-

mation is available than for the other rnonths. The results ob-

tained from the comparison of the temperatures in the 1¢51=60
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decale with those of the 1921-50 period (Fig. 5) show hijher
values (positive differences) in all but one area (B) in the
1951-60 decade than in the earlier period. The air temperatures
showed a small decline (Fig. 2). The results of the comparison
in the sea surface temperatures in this region between the 1G51-
o0 ana 1961-70 decades show a sharp drop (Fig. 6).

b. Western Mediterranean.

Another comparison seeking to establish a thermal lay in
the ocean vis-a-vis the atmosphere was made by means of the mean
January-March and July-September sea surflace temperatures of the
.estern Mediterranean. This region in the colder half of the
year is subjected to No. Atlantic storms crossing into the area
by the way of the Bay of Biscay, Spain, and France, and by storms
which develop locally with cold air outbreaks from the continent
sweepiny over the relatively warm sea. Figure 7 shows the tem-
perature in the 1951-60 decade was higher than in the 1921-50
period while the air temperatures were declining over France,
Spain and elsewhere (see Fig. 2). The fall in the mean January-
larch sea surface temperature in the decade 1961-70 from the
previous decade (Fir. 8) would be expected to have resulted from
a southward shift in storm track over the No. Atlantic (Fig. 4)
and more frecuent outbreaks of colder air from the continent
leading in each instance to a cooling of the waters and to
lover sea surface temperatures.

A similar trend as for the January-larch sea surface tem-
peratures, namely, higher July-September sea surface temperatures
in the 19¢51-60 decade than in the 19¢1-50 period was found in most

areas also in this cuarter (Fip. 9) while the air temperatures,
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Figure 5.  Differences (1951-1960 minus 1921-1950) April-

vea Surface Te@peruture Areas A-N and Annual 0-.00 m Sea Temperature
lola Section (C).

September
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Figure 6. Differences (1961-1970 minus 1951-1960) April-September
Sea Surface Temperature Areas A-N and Annual 0-200 m Sea Temperature

Kola Section (°C).




*UBPDURJIJIBQ TIP3 UIIQS3 AUl
ut (9,) @Inmieyadwa] ddeJING TIg ydaey-Arenuep (OG-TZ6T SNUTE 09-T$6T) dJUa3dJJIg <L IndLg

«02 31l «0! 3eS o0

}.\\u\ |

e — " & - il




ut _“u__u._ agnapaadwar asejang =ag uydaep-Axenuep (Q9-T156T snul=m 0L=1GAT) 22ualajjia ‘g aandtg

«02 «Gl

s yPaUTIIAL TIPS UI21SaY, AUl

3.6 «0

ziﬂﬂ

5"

«02 «5l

]




‘uRauBJJa} TPAY uJa3say (9, ) sanjeladwsl sdeJIANS
gas Jequajdac=-AInp (05AHT-TZAT snuiw O96T-TSHT) mmu:mnm.ﬂan 4 aanidty

13

«02 e Gl «01 3.5

b
— :iﬂ.ﬂ E




as we have seen, showed . small decrease (M. 2.
One suspects that the increase in the July-September sea
surface temperature in the 1951-60 decade, as well as the de=
crease in the 1961-70 decade from the decade which preceded it
(F.-. 10) was in part due to the persistence of the temveratures

‘nomaly in the cold season (January-March) since few if any

sitorms cross into the western lediterranean from the lo. Atlantic

in the warm half of the year.

c. Kola Meridian Section Temperature (0-200 m).

Another comparison to demonstrate a possible 1ay in the ocean
vis a vis the air was made from a consideration of the Kola
nerician Section annual temperatures in the 0-200 m layer be-
tween latitudes 70°,0'N and 7:%23'N along the 70°E or Kola mer-
idian. The small increase of 0.16°C in the temperatures from the
121-50 neriod to the 1951-60 decade (Fiz. 5) is in keeving with
the increase in the sea surface tciperature in the area to the
south (A=N) as is the Jecrease of 0.L8°C in the 1961-70 decade
from the 1951-50 decade, the increase in temperature in the
1¢51-60 decade sho.inr a thermal lar also for the inflow of warm
vater into the Barents Sea.

d. Oceun ' .cather Stations, 0''S.

an incependent comparison of the sea surface temperatures in
the northern llo. Atlantic is available from the frecuent observa-
tions taken 2t the 0.5 ships which bepan in the late 1640's.
The decrease for the most part in the temperature at vhese sta-
tions [rom the 1951-00 to the 1¢51-70 decades (Fir. 11) corro-
borates the findin_ s based on the analysis of tempceratures in the

areas A to i (Fi', 6).
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e. Ice off Iceland.

The severity of the ice off Iceland (Koch, 1945; Eythorsson

and Sigtrygrsson, 1971) for whi~h data in some detail fo back to

the mid-18th century and in more general form to the time of set-
tlement of Iceland, may be next considered ror an analysis of a
la; between the ocean and the atmosohere.

The sharp increase both in the duration and the spread of
the ice along the coasts o. Iceland in the 1661-70 decade over the
previous decade (Fig. 12) is consistent with the freater build-up
of cold air over northern Greenland and to the eastward, as well
as an assumed greater frequency of northerly wincs in that decade
than in the eerlier decades. The siynificant increase in the ice
auring this decade would be due to a marked southwara transport of
ice from the main pack in the north, and also to the formation of
more youn: ice as a result of the lower air ter'eratures. The
indicated smaller increase in northerly winds in the 1951-60 ce-
cade over the 1921-50 period than in the 1661-70 decade presumably
was insufficient to procuce a marked increase in the ice transport
and formation of young ice.

f. Nc, Atlantic .eather Types (British Isles).

As further evidence of climatic changes from the 1G21-50 to
the 1951-60 and 1951-60 to the 1961-70 periods in the northern
No. Atlantic, we investirated the trends in the frecuencies of
British Isles \‘eather Types. A decreased frequency of westerly
type of circulation reflects a less zonal flow and an increased
meridional type of circulation and hence lowver temperatures.
Thus, the avera;e frecuency of the westerly wveather tyves (zonal

flow) was 27.6% in the period 1926-LG as compared with 4.7 in
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Figure 12. Ice off Iceland (duration in weeks multiplied
by the number of areas with ice along the coasts), (After
Koch, 1945; and Eythorsson and Sigtryggsson, 1971.)
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the decade 1950-59 and only 21.9% in the followin; decade, 1960-
69 (Lamb, 1972).
Data.
The data used in this study came from various sources.
The mean monthly sea surface temperature deviations of the uress

A-N (north of 50°) were taken from the Annal. Biol., Cons.

Internl. Explor. Mer, Vols. 2=26 (1947-1970).

The sea temperatures in the layer 0-<00 m alony the Kola
meridian were adapted from tabulation by Sleptsov-Shevlevich

(1¢67) with those for more recent years, from the Annal. Biol.,

Cons. Internl. Explor. Mer, Vols. 22-2¢. The ice off Iceland

values were taken from computations by L. Koch (1945) as
extended by J. Eythorsson and H. Sigtryggsson (1971). The 0.3
air and sea surface temperatures were taken from liariners
.eather Log and in part were made available by the Meteorol.

Office, Bracknell. Other sources were Yorld leather Records

and Monthly Climatic Data.

In seekins to establish the thermal lag between the oceans
and the atmosnhere, we have limited our study to data from the
open ocean since observations at coastal stations when the pre-
vailing winds are from land, would partially roflect also the
alr temperatures.
itemarks.

Since the increase and decrease, :'espectively, in the
annual sea temperature in the 0-200 m layer along the Kola

meridian reflects largely the advection of relatively warm

water into the Barents Sea from the southwest, we may conclude
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that the increase and decrease, respectively, in the sea surface
temperature in areas A to N and at the 0'S stations were also
nrimarily the result of advection (see also Midtum, 1949). It
will be noted that the decline in air temperatures in the 1%¢50's
aid not reach the western mediterranean. iad this been the case,
thie increase in the mediterranean mean sea surface temperature
misht have been smaler,

The thermal lcs in the ocean during the climatic changre
period 1¢21-1970 as exemplified nrimarily by the increase in the
Sea surface temperature during the 1951-60 decade while the air
temperature was declining, presupnoses climatic lags for other
neriods as well, and with lonrer time la;s in the oceans curing
longer climatic or climate periods (see iEmilizni, 1G55).

Acknoviledrements.

.e are indebted to Lir. E. N. Sabbagh, Head, Synowntic
Loboratory of the Institute for valusble help in the preparation
ol this work.

Y'e are also indebted to the meteorological services of
Denmark, France, Federal Kepublic of Germany, Iceland, llorway,
Portugal, JSpain, Sweden, and U. K. for making available the air
temperatures from their respective regions and to officials of
the NOAA for the tabulations of mean monthly values of sea
surface temperatures of thc Mediterranean used in our study.

The work was carried out with support of the aavanced

Projects Research Agrency, Air Force Office of Scientific fesearch,

USAF,




s B S B s R R o A SN ol T N S0 5 T s oAl (S50m S

References

Dickson, R. R. and H. H. Lamb, 1271: A
meteorolosical events in the Wo. At
gomm. Northwest A*lantic Fisheries

2.

Eythorsson,J. and H. Sigtryggsson, 1971:
of Iceland. In "The Zoology of Ice
Munksgaard, (Copenhagen and Reykjav

Emiliani, C., 1955: Pleistocene tempera

hoch, L., 19.5: The East Greenland Ice.
375 PP

Lamb, H., H., 1272: British Isles Veathe
the daily secuence of circulation t
Geophys. liem. No. 116. Met. Office

Midtun, L., 166%: Variability of temper

T R T A P R A TS S T A R

review of recent hvdro-
lantic sector. Intern.
Sp. Publc NO. 8. ppo )5-

The climates and weather
land.” 1(3): 1=62. B.
ik).

tures. J. Geol. 6, : 5;E=7(.

Medd. Gronland 1,0(5):

10

r Types and a register of
ype patterns 1861-1971.
» London, 85 pp.

ature and salinity at

some loca*lons off the coast of Norway. Prog. in Ocean 5:

41=54 . FPergcamon Press,

Mitchell, J. M., Jr., 1661: Recent secu
temperature. aAnn. N. Y. Acad. Sci.

temperature change. In "Changes of

Research, Ai Proc. Rome Symp. UNES

itodewald, M., 196:: Sea-surface tempera

lar chances of ~lobal
95(1): 2,5-50.

s 1060: On the world-wicde nattern of secular

Climate." Arid Zone

tures of the lorth At-

lantic Ocean during the decade 1951-60, their anomaliecs and

development in relation to the atmo
In "Chan;es of Climate." Arid Zone
Symp. UNESCO-'10, pp. 107-97.

, 1867: Recent variations
surface temneratures and the "type
rheric circulation. Intern. Comm,
book, 1967, Part IV, pp. 6-2j. Dar

1¢72as Temperature ccndi
Northwest Atlantic during the decad
Northw. Atlant. Fish. Sp. Publ. No.

Ne S

y 1972b: Lonr=term variati
in the areas of nine north Atlantic
durinr the period 1951-1968. Cons.
Rapp. Proces Verb. 162: 1,9=15:.

Sleptsov-Shevlevich, B. A., 1967: Study
feophysical relationships. In "Ice

spheric circulation.
Research, 4{ Proc. iiome

of North Atlantic sea
tencencies™ of the atmos-
Northw. Atlant. Fish. Red-
tmouth, N, S.

tion in the North and
e 1961-70. Intern. Comm,
8, pp. 9=34. Dartmouth,

ons of sea temperature
Ocean ‘‘eather Stations
Perm. Intern. Explor. Mer,

of instability in helio-
Cover of the Arctic Ocean

==



and a Method for Calculatins Certain Ice Phenomena." Trudy
Arctic—~Antarctic Sci. fles. Inst. No. <57. Also Maval Intel.
Comm, Transl. No. 2641: 133-68, Vashiagton, D. C.

Smed, J., 194S: The increase in the sea temperature in northern
waters during recent years, Cons. Perm. Internl. Exnlor.

lier, Rapp. Proc.

’ 19&7*1970:

Verb. 125s 21-25.

lonthly anomalies of the surface temperature

in sea. Ann. Biol. 2-26., Copenhagen.

illett, H. C., 1950:

Temperature trends of the past century.

In Centenary Proc. Royzl Meteorol. Soc. pp. 195-206.




